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MODULATORS OF MUSCARINIC 
RECEPTORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application claims priority under 35 U.S.C. 
§119 to US. Provisional Application No. 60/977,220, ?led 
Oct. 3, 2007 and entitled “MODULATORS OF MUSCAR 
INIC RECEPTORS,” the entire contents of Which is incorpo 
rated herein by reference. 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to modulators of muscarinic 
receptors. The present invention also provides compositions 
comprising such modulators, and methods thereWith for treat 
ing muscarinic receptor mediated diseases. 

BACKGROUND OF THE INVENTION 

The neurotransmitter acetylcholine binds to tWo types of 
cholinergic receptors: the ionotropic family of nicotinic 
receptors and the metabotropic family of muscarinic recep 
tors. Muscarinic receptors belong to the large superfamily of 
plasma membrane-bound G protein coupled receptors 
(GPCRs). To date, ?ve subtypes of muscarinic receptors (Ml - 
M5) have been cloned and sequenced from a variety of spe 
cies, and shoW a remarkably high degree of homology across 
species and receptor subtype. These Ml-M5 muscarinic 
receptors are predominantly expressed Within the parasym 
pathetic nervous system Which exerts excitatory and inhibi 
tory control over the central and peripheral tissues and par 
ticipate in a number of physiologic functions, including heart 
rate, arousal, cognition, sensory processing, and motor con 
trol. 

Muscarinic agonists such as muscarine and pilocarpine, 
and antagonists, such as atropine have been knoWn for over a 
century, but little progress has been made in the discovery of 
receptor subtype-selective compounds, thereby making it dif 
?cult to assign speci?c functions to the individual receptors. 
See, e.g., DeLapp, N. et al., “Therapeutic Opportunities for 
Muscarinic Receptors in the Central Nervous System,” J. 
Med. Chem., 43(23), pp. 4333-4353 (2000); Hulme, E. C. et 
al., “Muscarinic Receptor Subtypes,” Ann. Rev. Pharmacol. 
Toxicol., 30, pp. 633-673 (1990); Caul?eld, M. P. et al., 
“Muscarinic Receptors4CharacteriZation, Coupling, and 
Function,” Pharmacol. Ther., 58, pp. 319-379 (1993); 
Caul?eld, M. P. et al., International Union of Pharmacology. 
XVII. Classi?cation of Muscarinic Acetylcholine Recep 
tors,” Pharmacol. Rev., 50, pp. 279-290 (1998), the disclo 
sures of Which are incorporated herein by reference. 
The Muscarinic family of receptors is the target of a large 

number of pharmacological agents used for various diseases, 
including leading drugs for COPD, asthma, urinary inconti 
nence, glaucoma, Alzheimer’ s (AchE inhibitors). Despite the 
large therapeutic value of this family, cholinergic drugs are 
limited by the lack of selectivity of these agents, With signi? 
cant activation of the parasympathetic autonomous system 
and elevated incidence of adverse effects. The molecular 
cloning of the muscarinic receptors and the identi?cation of 
the physiological role of speci?c isoforms using knock-out 
mice, has recently delineated novel opportunities for selective 
muscarinic ligands, and has helped to de?ne the selectivity 
pro?le that is required for enhanced ef?cacy and reduced side 
effects. 
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2 
There is a need for modulators of muscarinic receptors 

Ml-Ms. There is also a need for methods for treating musca 
rinic receptor-mediated diseases. 

There is also a need for modulators of muscarinic receptors 
that are selective as to subtypes Ml-Ms. 

SUMMARY OF THE INVENTION 

The present invention provides methods of modulating the 
activity of a muscarinic receptor (e.g., M1, M2, M3, M4, M5, 
or combinations thereof) using compounds of formula I: 

or a pharmaceutically acceptable salt thereof, Wherein R1, R2, 
Z1, Z2, Z3, Z4, n, m, p, and q are described beloW. 

Another aspect of the present invention provides methods 
of treating or reducing the severity of a muscarinic receptor 
mediated disease in a mammal, comprising the step of admin 
istering to said mammal a compound as described above. In 
several embodiments, the muscarinic receptor is M4. In oth 
ers, the muscarinic receptor is Ml. 

Another aspect of the present invention provides methods 
of treating or reducing the severity of a disease in a patient, 
Wherein said disease is selected from CNS derived patholo 
gies including cognitive disorders, Attention De?cit Hyper 
activity Disorder (ADHD), obesity, AlZheimer’s disease, 
various dementias such as vascular dementia, psychosis asso 
ciated With CNS disorders including schizophrenia, mania, 
bipolar disorders, pain conditions including acute and 
chronic syndromes, Huntington’s Chorea, Friederich’s 
ataxia, Gilles de la Tourette’s Syndrome, DoWns Syndrome, 
Pick disease, clinical depression, Parkinson’s disease, 
peripheral disorders such as reduction of intra ocular pres sure 
in Glaucoma and treatment of dry eyes and dry mouth includ 
ing Sjogren’s Syndrome, bradycardia, gastric acid secretion, 
asthma, GI disturbances, and Wound healing, Wherein said 
method comprises the step of contacting said patient With a 
compound as described above. 

Another aspect of the present invention provides pharma 
ceutical compositions comprising a compound described 
above and a pharmaceutical carrier. 

DETAILED DESCRIPTION 

I. De?nitions 

For purposes of this invention, the chemical elements are 
identi?ed in accordance With the Periodic Table of the Ele 
ments, CAS version, Handbook of Chemistry and Physics, 
75th Ed. Additionally, general principles of organic chemis 
try are described in “Organic Chemistry”, Thomas Sorrell, 
University Science Books, Sausolito: 1999, and “March’s 
Advanced Organic Chemistry”, 5th Ed., Ed.: Smith, M. B. 
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and March, 1., John Wiley & Sons, NeWYork: 2001, the entire 
contents of Which are hereby incorporated by reference. 
As described herein, compounds of the invention may 

optionally be substituted With one or more substituents, such 
as are illustrated generally above, or as exempli?ed by par 
ticular classes, subclasses, and species of the invention. 
As used herein the term “aliphatic” encompasses the terms 

alkyl, alkenyl, alkynyl, each of Which being optionally sub 
stituted as set forth beloW. 
As used herein, an “alkyl” group refers to a saturated ali 

phatic hydrocarbon group containing 1-12 (e.g., 1-8, 1-6, or 
1-4) carbon atoms. An alkyl group can be straight or 
branched. Examples of alkyl groups include, but are not lim 
ited to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec 
butyl, tert-butyl, n-pentyl, n-heptyl, or 2-ethylhexyl. An alkyl 
group can be substituted (i.e., optionally substituted) With one 
or more substituents such as halo, phospho, cycloaliphatic 
[e.g., cycloalkyl or cycloalkenyl], heterocycloaliphatic [e.g., 
heterocycloalkyl or heterocycloalkenyl], aryl, heteroaryl, 
alkoxy, aroyl, heteroaroyl, acyl [e.g., (aliphatic)carbonyl, (cy 
cloaliphatic)carbonyl, or (heterocycloaliphatic)carbonyl], 
nitro, cyano, amido [e.g., (cycloalkylalkyl)carbonylamino, 
arylcarbonylamino, aralkylcarbonylamino, (heterocy 
cloalkyl)carbonylamino, (heterocycloalkylalkyl)carbony 
lamino, heteroarylcarbonylamino, heteroaralkylcarbony 
lamino alkylaminocarbonyl, cycloalkylaminocarbonyl, 
heterocycloalkylaminocarbonyl, arylaminocarbonyl, or het 
eroarylaminocarbonyl], amino [e.g., aliphaticamino, 
cycloaliphaticamino, or heterocycloaliphaticamino], sulfo 
nyl [e.g., aliphatic-802i], sul?nyl, sulfanyl, sulfoxy, urea, 
thiourea, sulfamoyl, sulfamide, oxo, carboxy, carbamoyl, 
cycloaliphaticoxy, heterocycloaliphaticoxy, aryloxy, het 
eroaryloxy, aralkyloxy, heteroarylalkoxy, alkoxycarbonyl, 
alkylcarbonyloxy, or hydroxy. Without limitation, some 
examples of substituted alkyls include carboxyalkyl (such as 
HOOC-alkyl, alkoxycarbonylalkyl, and alkylcarbonyloxy 
alkyl), cyanoalkyl, hydroxyalkyl, alkoxyalkyl, acylalkyl, 
aralkyl, (alkoxyaryl)alkyl, (sulfonylamino)alkyl (such as 
(alkyl-SO2-amino)alkyl), aminoalkyl, amidoalkyl, (cy 
cloaliphatic)alkyl, or haloalkyl. 
As used herein, an “alkenyl” group refers to an aliphatic 

carbon group that contains 2-8 (e.g., 2-12, 2-6, or 2-4) carbon 
atoms and at least one double bond. Like an alkyl group, an 
alkenyl group can be straight or branched. Examples of an 
alkenyl group include, but are not limited to allyl, isoprenyl, 
2-butenyl, and 2-hexenyl. An alkenyl group can be optionally 
substituted With one or more substituents such as halo, phos 
pho, cycloaliphatic [e.g., cycloalkyl or cycloalkenyl], hetero 
cycloaliphatic [e.g., heterocycloalkyl or heterocycloalkenyl], 
aryl, heteroaryl, alkoxy, aroyl, heteroaroyl, acyl [e.g., (ali 
phatic)carbonyl, (cycloaliphatic)carbonyl, or (heterocy 
cloaliphatic)carbonyl], nitro, cyano, amido [e.g., (cycloalky 
lalkyl)carbonylamino, arylcarbonylamino, 
aralkylcarbonylamino, (heterocycloalkyl)carbonylamino, 
(heterocycloalkylalkyl)carbonylamino, heteroarylcarbony 
lamino, heteroaralkylcarbonylamino alkylaminocarbonyl, 
cycloalkylaminocarbonyl, heterocycloalkylaminocarbonyl, 
arylaminocarbonyl, or heteroarylaminocarbonyl], amino 
[e.g., aliphaticamino, cycloaliphaticamino, heterocy 
cloaliphaticamino, or aliphaticsulfonylamino], sulfonyl [e.g., 
alkyl-SOZi, cycloaliphatic-802i, or aryl-802i], sul?nyl, 
sulfanyl, sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, 
carboxy, carbamoyl, cycloaliphaticoxy, heterocycloaliphati 
coxy, aryloxy, heteroaryloxy, aralkyloxy, heteroaralkoxy, 
alkoxycarbonyl, alkylcarbonyloxy, or hydroxy. Without limi 
tation, some examples of substituted alkenyls include 
cyanoalkenyl, alkoxyalkenyl, acylalkenyl, hydroxyalkenyl, 
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4 
aralkenyl, (alkoxyaryl)alkenyl, (sulfonylamino)alkenyl 
(such as (alkyl-S02-amino)alkenyl), aminoalkenyl, ami 
doalkenyl, (cycloaliphatic)alkenyl, or haloalkenyl. 
As used herein, an “alkynyl” group refers to an aliphatic 

carbon group that contains 2-8 (e.g., 2-12, 2-6, or 2-4) carbon 
atoms and has at least one triple bond. An alkynyl group can 
be straight or branched. Examples of an alkynyl group 
include, but are not limited to, propargyl and butynyl. An 
alkynyl group can be optionally substituted With one or more 
substituents such as aroyl, heteroaroyl, alkoxy, cycloalky 
loxy, heterocycloalkyloxy, aryloxy, heteroaryloxy, aralky 
loxy, nitro, carboxy, cyano, halo, hydroxy, sulfo, mercapto, 
sulfanyl [e.g., aliphaticsulfanyl or cycloaliphaticsulfanyl], 
sul?nyl [e.g., aliphaticsul?nyl or cycloaliphaticsul?nyl], sul 
fonyl [e.g., aliphatic-802i, aliphaticamino-SO2i, or 
cycloaliphatic-802i], amido [e.g., aminocarbonyl, alky 
laminocarbonyl, alkylcarbonylamino, cycloalkylaminocar 
bonyl, heterocycloalkylaminocarbonyl, cycloalkylcarbony 
lamino, arylaminocarbonyl, arylcarbonylamino, 
aralkylcarbonylamino, (heterocycloalkyl)carbonylamino, 
(cycloalkylalkyl)carbonylamino, heteroaralkylcarbony 
lamino, heteroarylcarbonylamino or heteroarylaminocarbo 
nyl], urea, thiourea, sulfamoyl, sulfamide, alkoxycarbonyl, 
alkylcarbonyloxy, cycloaliphatic, heterocycloaliphatic, aryl, 
heteroaryl, acyl [e.g., (cycloaliphatic)carbonyl or (heterocy 
cloaliphatic)carbonyl], amino [e.g., aliphaticamino], sulfoxy, 
oxo, carboxy, carbamoyl, (cycloaliphatic)oxy, (heterocy 
cloaliphatic)oxy, or (heteroaryl)alkoxy. 
As used herein, an “amido” encompasses both “aminocar 

bonyl” and “carbonylamino”. These terms When used alone 
or in connection With another group refer to an amido group 

such as iN(RX)iC(O)iRY or %(O)iN(RX)2, When 
used terminally, and 4C(O)iN(RX)i or iN(RX)4C 
(O)i When used internally, Wherein RX and RY are de?ned 
beloW. Examples of amido groups include alkylamido (such 
as alkylcarbonylamino or alkylaminocarbonyl), (heterocy 
cloaliphatic)amido, (heteroaralkyl)amido, (heteroaryl) 
amido, (heterocycloalkyl)alkylamido, arylamido, aralkyla 
mido, (cycloalkyl)alkylamido, or cycloalkylamido. 
As used herein, an “amino” group refers to iNRXRY 

Wherein each of RX and RY is independently hydrogen, ali 
phatic, cycloaliphatic, (cycloaliphatic)aliphatic, aryl, 
araliphatic, heterocycloaliphatic, (heterocycloaliphatic)ali 
phatic, heteroaryl, carboxy, sulfanyl, sul?nyl, sulfonyl, (ali 
phatic)carbonyl, (cycloaliphatic)carbonyl, ((cycloaliphatic) 
aliphatic)carbonyl, arylcarbonyl, (araliphatic)carbonyl, 
(heterocycloaliphatic)carbonyl, ((heterocycloaliphatic)ali 
phatic)carbonyl, (heteroaryl)carbonyl, or (heteroaraliphatic) 
carbonyl, each of Which being de?ned herein and being 
optionally substituted. Examples of amino groups include 
alkylamino, dialkylamino, or arylamino. When the term 
“amino” is not the terminal group (e.g., alkylcarbonylamino), 
it is represented by iNRXi. RX has the same meaning as 
de?ned above. 
As used herein, an “aryl” group used alone or as part of a 

larger moiety as in “aralkyl”, “aralkoxy”, or “aryloxyalkyl” 
refers to monocyclic (e.g., phenyl); bicyclic (e.g., indenyl, 
naphthalenyl, tetrahydronaphthyl, tetrahydroindenyl); and 
tricyclic (e.g., ?uorenyl tetrahydro?uorenyl, or tetrahydroan 
thracenyl, anthracenyl) ring systems in Which the monocyclic 
ring system is aromatic or at least one of the rings in a bicyclic 
or tricyclic ring system is aromatic. The bicyclic and tricyclic 
groups include benZofused 2-3 membered carbocyclic rings. 
For example, a benZofused group includes phenyl fused With 
tWo or more C4_8 carbocyclic moieties. An aryl is optionally 
substituted With one or more sub stituents including aliphatic 
[e.g., alkyl, alkenyl, or alkynyl]; cycloaliphatic; (cy 
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heterocycloaliphatic; (heterocy 
aryl; heteroaryl; alkoxy; (cy 

cloaliphatic)oxy; (heterocycloaliphatic)oxy; aryloxy; 
heteroaryloxy; (araliphatic)oxy; (heteroaraliphatic)oxy; 
aroyl; heteroaroyl; amino; oxo (on a non-aromatic carbocy 
clic ring of a benZofused bicyclic or tricyclic aryl); nitro; 
carboxy; amido; acyl [e.g., (aliphatic)carbonyl; (cy 
cloaliphatic)carbonyl; ((cycloaliphatic)aliphatic)carbonyl; 
(araliphatic)carbonyl; (heterocycloaliphatic)carbonyl; ((het 
erocycloaliphatic)aliphatic)carbonyl; or (heteroaraliphatic) 
carbonyl]; sulfonyl [e.g., aliphatic-802i or amino-SOZi]; 
sul?nyl [e.g., aliphatic-S(O)i or cycloaliphatic-S(O)i]; 
sulfanyl [e.g., aliphatic-Si]; cyano; halo; hydroxy; mer 
capto; sulfoxy; urea; thiourea; sulfamoyl; sulfamide; or car 
bamoyl. Alternatively, an aryl can be unsubstituted. 

Non-limiting examples of substituted aryls include 
haloaryl [e.g., mono-, di (such as p,m-dihaloaryl), and (triha 
lo)aryl]; (carboxy)aryl [e.g., (alkoxycarbonyl)aryl, ((aralkyl) 
carbonyloxy)aryl, and (alkoxycarbonyl)aryl]; (amido)aryl 
[e.g., (aminocarbonyl)aryl, (((alkylamino)alkyl)aminocarbo 
nyl)aryl, (alkylcarbonyl)aminoaryl, (arylaminocarbonyl) 
aryl, and (((heteroaryl)amino)carbonyl)aryl]; aminoaryl 
[e.g., ((alkylsulfonyl)amino)aryl or ((dialkyl)amino)aryl]; 
(cyanoalkyl)aryl; (alkoxy)aryl; (sulfamoyl)aryl [e.g., (ami 
nosulfonyl)aryl]; (alkylsulfonyl)aryl; (cyano)aryl; (hydroxy 
alkyl)aryl; ((alkoxy)alkyl)aryl; (hydroxy)aryl, ((carboxy) 
alkyl)aryl; (((dialkyl)amino)alkyl)aryl; (nitroalkyl)aryl; 
(((alkylsulfonyl)amino)alkyl)aryl; ((heterocycloaliphatic) 
carbonyl)aryl; ((alkylsulfonyl)alkyl)aryl; (cyanoalkyl)aryl; 
(hydroxyalkyl)aryl; (alkylcarbonyl)aryl; alkylaryl; (triha 
loalkyl)aryl; p-amino-m-alkoxycarbonylaryl; p-amino-m 
cyanoaryl; p-halo-m-aminoaryl; or (m-(heterocy 
cloaliphatic)-o-(alkyl))aryl. 
As used herein, an “araliphatic” such as an “aralkyl” group 

refers to an aliphatic group (e.g., a Cl_4 alkyl group) that is 
substituted With an aryl group. “Aliphatic,” “alkyl,” and 
“aryl” are de?ned herein. An example of an araliphatic such 
as an aralkyl group is benZyl. 
As used herein, an “aralkyl” group refers to an alkyl group 

(e. g., a C 1_ 4 alkyl group) that is substituted With an aryl group. 
Both “alkyl” and “aryl” have been de?ned above. An example 
of an aralkyl group is benZyl. An aralkyl is optionally substi 
tuted With one or more substituents such as aliphatic [e.g., 
alkyl, alkenyl, or alkynyl, including carboxyalkyl, hydroxy 
alkyl, or haloalkyl such as tri?uoromethyl], cycloaliphatic 
[e.g., cycloalkyl or cycloalkenyl], (cycloalkyl)alkyl, hetero 
cycloalkyl, (heterocycloalkyl)alkyl, aryl, heteroaryl, alkoxy, 
cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy, 
aralkyloxy, heteroaralkyloxy, aroyl, heteroaroyl, nitro, car 
boxy, alkoxycarbonyl, alkylcarbonyloxy, amido [e.g., ami 
nocarbonyl, alkylcarbonylamino, cycloalkylcarbonylamino, 
(cycloalkylalkyl)carbonylamino, arylcarbonylamino, aralky 
lcarbonylamino, (heterocycloalkyl)carbonylamino, (hetero 
cycloalkylalkyl)carbonylamino, heteroarylcarbonylamino, 
or heteroaralkylcarbonylamino], cyano, halo, hydroxy, acyl, 
mercapto, alkylsulfanyl, sulfoxy, urea, thiourea, sulfamoyl, 
sulfamide, oxo, or carbamoyl. 
As used herein, a “bicyclic ring system” includes 8-12 

(e.g., 9, 10, or 11) membered structures that form tWo rings, 
Wherein the tWo rings have at least one atom in common (e. g., 
2 atoms in common). Bicyclic ring systems include bicy 
cloaliphatics (e.g., bicycloalkyl or bicycloalkenyl), bicyclo 
heteroaliphatics, bicyclic aryls, and bicyclic heteroaryls. 
As used herein, a “carbocycle” or “cycloaliphatic” group 

encompasses a “cycloalkyl” group and a “cycloalkenyl” 
group, each of Which being optionally substituted as set forth 
beloW. 

cloaliphatic)aliphatic; 
cloaliphatic)aliphatic; 
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6 
As used herein, a “cycloalkyl” group refers to a saturated 

carbocyclic mono- or bicyclic (fused or bridged) ring of 3-10 
(e.g., 5-10) carbon atoms. Examples of cycloalkyl groups 
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
cycloheptyl, adamantyl, norbomyl, cubyl, octahydro-inde 
nyl, decahydro-naphthyl, bicyclo[3.2.1]octyl, bicyclo[2.2.2] 
octyl, bicyclo[3.3.1]nonyl, bicyclo[3.3.2.]decyl, bicyclo 
[2.2.2]octyl, adamantyl, or ((aminocarbonyl)cycloalkyl) 
cycloalkyl. 
A “cycloalkenyl” group, as used herein, refers to a non 

aromatic carbocyclic ring of 3-10 (e.g., 4-8) carbon atoms 
having one or more double bonds. Examples of cycloalkenyl 
groups include cyclopentenyl, 1,4-cyclohexa-di-enyl, cyclo 
heptenyl, cyclooctenyl, hexahydro-indenyl, octahydro-naph 
thyl, cyclohexenyl, cyclopentenyl, bicyclo[2.2.2]octenyl, or 
bicyclo[3.3.1]nonenyl. 
A cycloalkyl or cycloalkenyl group can be optionally sub 

stituted With one or more substituents such as phosphor, ali 
phatic [e.g., alkyl, alkenyl, or alkynyl], cycloaliphatic, (cy 
cloaliphatic) aliphatic, heterocycloaliphatic, 
(heterocycloaliphatic) aliphatic, aryl, heteroaryl, alkoxy, (cy 
cloaliphatic)oxy, (heterocycloaliphatic)oxy, aryloxy, het 
eroaryloxy, (araliphatic)oxy, (heteroaraliphatic)oxy, aroyl, 
heteroaroyl, amino, amido [e.g., (aliphatic)carbonylamino, 
(cycloaliphatic)carbonylamino, ((cycloaliphatic)aliphatic) 
carbonylamino, (aryl)carbonylamino, (araliphatic)carbony 
lamino, (heterocycloaliphatic)carbonylamino, ((heterocy 
cloaliphatic)aliphatic)carbonylamino, (heteroaryl) 
carbonylamino, or (heteroaraliphatic)carbonylamino], nitro, 
carboxy [e.g., HOOCi, alkoxycarbonyl, or alkylcarbony 
loxy], acyl [e.g., (cycloaliphatic)carbonyl, ((cycloaliphatic) 
aliphatic)carbonyl, (araliphatic)carbonyl, (heterocy 
cloaliphatic)carbonyl, ((heterocycloaliphatic)aliphatic)car 
bonyl, or (heteroaraliphatic)carbonyl], cyano, halo, hydroxy, 
mercapto, sulfonyl [e.g., alkyl-802i and aryl-SOZi], sul? 
nyl [e.g., alkyl-S(O)i], sulfanyl [e.g., alkyl-Si], sulfoxy, 
urea, thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl. 
As used herein, the term “heterocycle” or “heterocy 

cloaliphatic” encompasses a heterocycloalkyl group and a 
heterocycloalkenyl group, each of Which being optionally 
substituted as set forth beloW. 
As used herein, a “heterocycloalkyl” group refers to a 3-10 

membered mono- or bicylic (fused or bridged) (e.g., 5- to 
10-membered mono- or bicyclic) saturated ring structure, in 
Which one or more of the ring atoms is a heteroatom (e.g., N, 
O, S, or combinations thereof). Examples of a heterocy 
cloalkyl group include piperidyl, piperaZyl, tetrahydropyra 
nyl, tetrahydrofuryl, 1,4-dioxolanyl, 1,4-dithianyl, 1,3-diox 
olanyl, oxaZolidyl, isoxaZolidyl, morpholinyl, 
thiomorpholyl, octahydrobenZofuryl, octahydrochromenyl, 
octahydrothiochromenyl, octahydroindolyl, octahydropy 
rindinyl, decahydroquinolinyl, octahydrobenZo [b] 
thiopheneyl, 2-oxa-bicyclo[2.2.2]octyl, 1-aZa-bicyclo[2.2.2] 
octyl, 3-aZa-bicyclo[3.2.1]octyl, and 2,6-dioxa-tricyclo 
[3.3.1.03’7]nonyl. A monocyclic heterocycloalkyl group can 
be fused With a phenyl moiety to form structures, such as 
tetrahydroisoquinoline, Which Would be categorized as het 
eroaryls. 
A “heterocycloalkenyl” group, as used herein, refers to a 

mono- or bicylic (e.g., 5- to 10-membered mono- or bicyclic) 
non-aromatic ring structure having one or more double 
bonds, and Wherein one or more of the ring atoms is a het 
eroatom (e.g., N, O, or S). Monocyclic and bicyclic hetero 
cycloaliphatics are numbered according to standard chemical 
nomenclature. 
A heterocycloalkyl or heterocycloalkenyl group can be 

optionally substituted With one or more substituents such as 
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phosphor, aliphatic [e.g., alkyl, alkenyl, or alkynyl], 
cycloaliphatic, (cycloaliphatic)aliphatic, heterocy 
cloaliphatic, (heterocycloaliphatic)aliphatic, aryl, heteroaryl, 
alkoxy, (cycloaliphatic)oxy, (heterocycloaliphatic)oxy, ary 
loxy, heteroaryloxy, (araliphatic)oxy, (heteroaraliphatic)oxy, 
aroyl, heteroaroyl, amino, amido [e.g., (aliphatic)carbony 
lamino, (cycloaliphatic)carbonylamino, ((cycloaliphatic) ali 
phatic)carbonylamino, (aryl)carbonylamino, (araliphatic) 
carbonylamino, (heterocycloaliphatic)carbonylamino, 
((heterocycloaliphatic) aliphatic)carbonylamino, (het 
eroaryl)carbonylamino, or (heteroaraliphatic)carbony 
lamino], nitro, carboxy [e.g., HOOCi, alkoxycarbonyl, or 
alkylcarbonyloxy], acyl [e.g., (cycloaliphatic)carbonyl, ((cy 
cloaliphatic) aliphatic)carbonyl, (araliphatic)carbonyl, (het 
erocycloaliphatic)carbonyl, ((heterocycloaliphatic)aliphatic) 
carbonyl, or (heteroaraliphatic)carbonyl], nitro, cyano, halo, 
hydroxy, mercapto, sulfonyl [e.g., alkylsulfonyl or arylsulfo 
nyl], sul?nyl [e.g., alkylsul?nyl], sulfanyl [e.g., alkylsulfa 
nyl], sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or 
carbamoyl. 
A “heteroaryl” group, as used herein, refers to a monocy 

clic, bicyclic, or tricyclic ring system having 4 to 15 ring 
atoms Wherein one or more of the ring atoms is a heteroatom 

(e.g., N, O, S, or combinations thereof) and in Which the 
monocyclic ring system is aromatic or at least one of the rings 
in the bicyclic or tricyclic ring systems is aromatic. A het 
eroaryl group includes a benZofused ring system having 2 to 
3 rings. For example, a benZofused group includes benZo 
fused With one or tWo 4 to 8 membered heterocycloaliphatic 
moieties (e.g., indoliZyl, indolyl, isoindolyl, 3H-indolyl, 
indolinyl, benZo[b]furyl, benZo[b]thiophenyl, quinolinyl, or 
isoquinolinyl). Some examples of heteroaryl are aZetidinyl, 
pyridyl, lH-indaZolyl, furyl, pyrrolyl, thienyl, thiaZolyl, 
oxaZolyl, imidaZolyl, tetraZolyl, benZofuryl, isoquinolinyl, 
benZthiaZolyl, xanthene, thioxanthene, phenothiaZine, dihy 
droindole, benZo[l,3]dioxole, benZo[b]furyl, benZo[b] 
thiophenyl, indaZolyl, benZimidaZolyl, benZthiaZolyl, puryl, 
cinnolyl, quinolyl, quinaZolyl, cinnolyl, phthalaZyl, 
quinaZolyl, quinoxalyl, isoquinolyl, 4H-quinoliZyl, benZo-l, 
2,5-thiadiaZolyl, or 1,8-naphthyridyl. 

Without limitation, monocyclic heteroaryls include furyl, 
thiophenyl, 2H-pyrrolyl, pyrrolyl, oxaZolyl, thaZolyl, imida 
Zolyl, pyraZolyl, isoxaZolyl, isothiaZolyl, 1,3,4-thiadiazolyl, 
2H-pyranyl, 4-H-pranyl, pyridyl, pyridaZyl, pyrimidyl, pyra 
Zolyl, pyraZyl, or 1,3,5-triazyl. Monocyclic heteroaryls are 
numbered according to standard chemical nomenclature. 

Without limitation, bicyclic heteroaryls include indoliZyl, 
indolyl, isoindolyl, 3H-indolyl, indolinyl, benZo[b]furyl, 
benZo[b]thiophenyl, quinolinyl, isoquinolinyl, indoliZinyl, 
isoindolyl, indolyl, benZo[b]furyl, bexo[b]thiophenyl, inda 
Zolyl, benZimidaZyl, benZthiaZolyl, purinyl, 4H-quinoliZyl, 
quinolyl, isoquinolyl, cinnolyl, phthalaZyl, quinaZolyl, qui 
noxalyl, 1,8-naphthyridyl, or pteridyl. Bicyclic heteroaryls 
are numbered according to standard chemical nomenclature. 
A heteroaryl is optionally substituted With one or more 

substituents such as aliphatic [e.g., alkyl, alkenyl, or alkynyl]; 
cycloaliphatic; (cycloaliphatic)aliphatic; heterocy 
cloaliphatic; (heterocycloaliphatic)aliphatic; aryl; het 
eroaryl; alkoxy; (cycloaliphatic)oxy; (heterocycloaliphatic) 
oxy; aryloxy; heteroaryloxy; (araliphatic)oxy; 
(heteroaraliphatic)oxy; aroyl; heteroaroyl; amino; oxo (on a 
non-aromatic carbocyclic or heterocyclic ring of a bicyclic or 
tricyclic heteroaryl); carboxy; amido; acyl [e.g., aliphaticcar 
bonyl; (cycloaliphatic)carbonyl; ((cycloaliphatic)aliphatic) 
carbonyl; (araliphatic)carbonyl; (heterocycloaliphatic)car 
bonyl; ((heterocycloaliphatic)aliphatic)carbonyl; or 
(heteroaraliphatic)carbonyl]; sulfonyl [e.g., aliphaticsulfonyl 
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8 
or aminosulfonyl]; sul?nyl [e.g., aliphaticsul?nyl]; sulfanyl 
[e.g., aliphaticsulfanyl]; nitro; cyano; halo; hydroxy; mer 
capto; sulfoxy; urea; thiourea; sulfamoyl; sulfamide; or car 
bamoyl. Alternatively, a heteroaryl can be unsubstituted. 

Non-limiting examples of substituted heteroaryls include 
(halo)heteroaryl [e.g., mono- and di-(halo)heteroaryl]; (car 
boxy)heteroaryl [e.g., (alkoxycarbonyl)heteroaryl]; cyano 
heteroaryl; aminoheteroaryl [e.g., ((alkylsulfonyl)amino)het 
eroaryl and ((dialkyl)amino)heteroaryl]; (amido)heteroaryl 
[e.g., aminocarbonylheteroaryl, ((alkylcarbonyl)amino)het 
eroaryl, ((((alkyl)amino)alkyl)aminocarbonyl)heteroaryl, 
(((heteroaryl)amino)carbonyl)heteroaryl, ((heterocy 
cloaliphatic)carbonyl)heteroaryl, and ((alkylcarbonyl) 
amino)heteroaryl]; (cyanoalkyl)heteroaryl; (alkoxy)het 
eroaryl; (sulfamoyl)heteroaryl [e.g., (aminosulfonyl) 
heteroaryl]; (sulfonyl)heteroaryl [e.g., (alkylsulfonyl) 
heteroaryl]; (hydroxyalkyl)heteroaryl; (alkoxyalkyl) 
heteroaryl; (hydroxy)heteroaryl; ((carboxy)alkyl)heteroaryl; 
(((dialkyl)amino)alkyl]heteroaryl; (heterocycloaliphatic) 
heteroaryl; (cycloaliphatic)heteroaryl; (nitroalkyl)het 
eroaryl; (((alkylsulfonyl)amino)alkyl)heteroaryl; ((alkylsul 
fonyl)alkyl)heteroaryl; (cyanoalkyl)heteroaryl; (acyl) 
heteroaryl [e.g., (alkylcarbonyl)heteroaryl] ; (alkyl) 
heteroaryl, and (haloalkyl)heteroaryl [e.g., 
trihaloalkylheteroaryl] . 

A “heteroaraliphatic” (such as a heteroaralkyl group) as 
used herein, refers to an aliphatic group (e.g., a C1_4 alkyl 
group) that is substituted With a heteroaryl group. “Aliphatic,” 
“alkyl,” and “heteroaryl” have been de?ned above. 
A “heteroaralkyl” group, as used herein, refers to an alkyl 

group (e.g., a C1_4 alkyl group) that is substituted With a 
heteroaryl group. Both “alkyl” and “heteroaryl” have been 
de?ned above. A heteroaralkyl is optionally substituted With 
one or more substituents such as alkyl (including carboxy 
alkyl, hydroxyalkyl, and haloalkyl such as tri?uoromethyl), 
alkenyl, alkynyl, cycloalkyl, (cycloalkyl)alkyl, heterocy 
cloalkyl, (heterocycloalkyl)alkyl, aryl, heteroaryl, alkoxy, 
cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy, 
aralkyloxy, heteroaralkyloxy, aroyl, heteroaroyl, nitro, car 
boxy, alkoxycarbonyl, alkylcarbonyloxy, aminocarbonyl, 
alkylcarbonylamino, cycloalkylcarbonylamino, (cycloalky 
lalkyl)carbonylamino, arylcarbonylamino, aralkylcarbony 
lamino, (heterocycloalkyl)carbonylamino, (heterocycloalky 
lalkyl)carbonylamino, heteroarylcarbonylamino, 
heteroaralkylcarbonylamino, cyano, halo, hydroxy, acyl, 
mercapto, alkylsulfanyl, sulfoxy, urea, thiourea, sulfamoyl, 
sulfamide, oxo, or carbamoyl. 
As used herein, “cyclic moiety” and “cyclic group” refer to 

mono-, bi-, and tri-cyclic ring systems including 
cycloaliphatic, heterocycloaliphatic, aryl, or heteroaryl, each 
of Which has been previously de?ned. 
As used herein, a “bridged bicyclic ring system” refers to a 

bicyclic heterocyclicaliphatic ring system or bicyclic 
cycloaliphatic ring system in Which the rings are bridged. 
Examples of bridged bicyclic ring systems include, but are 
not limited to, adamantanyl, norbornanyl, bicyclo[3.2.l]oc 
tyl, bicyclo[2.2.2]octyl, bicyclo[3.3.l]nonyl, bicyclo[3.2.3] 
nonyl, 2-oxabicyclo[2.2.2]octyl, l-aZabicyclo[2.2.2]octyl, 
3-aZabicyclo[3.2.l]octyl, and 2,6-dioxa-tricyclo[3.3.l.03’7] 
nonyl. A bridged bicyclic ring system can be optionally sub 
stituted With one or more substituents such as alkyl (including 
carboxyalkyl, hydroxyalkyl, and haloalkyl such as tri?uo 
romethyl), alkenyl, alkynyl, cycloalkyl, (cycloalkyl)alkyl, 
heterocycloalkyl, (heterocycloalkyl)alkyl, aryl, heteroaryl, 
alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy, het 
eroaryloxy, aralkyloxy, heteroaralkyloxy, aroyl, heteroaroyl, 
nitro, carboxy, alkoxycarbonyl, alkylcarbonyloxy, aminocar 
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bonyl, alkylcarbonylamino, cycloalkylcarbonylamino, (cy 
cloalkylalkyl)carbonylamino, arylcarbonylamino, aralkyl 
carbonylamino, (heterocycloalkyl)carbonylamino, 
(heterocycloalkylalkyl)carbonylamino, heteroarylcarbony 
lamino, heteroaralkylcarbonylamino, cyano, halo, hydroxy, 
acyl, mercapto, alkylsulfanyl, sulfoxy, urea, thiourea, sulfa 
moyl, sulfamide, oxo, or carbamoyl. 
As used herein, an “acyl” group refers to a forrnyl group or 

RX4C(O)i (such as alkyl-C(O)i, also referred to as “alky 
lcarbonyl”) Where RX and “alkyl” have been de?ned previ 
ously. Acetyl and pivaloyl are examples of acyl groups. 
As used herein, an “aroyl” or “heteroaroyl” refers to an 

aryl-C(O)i or a heteroaryl-C(O)i. The aryl and heteroaryl 
portion of the aroyl or heteroaroyl is optionally substituted as 
previously de?ned. 
As used herein, an “alkoxy” group refers to an alkyl-Oi 

group Where “alkyl” has been de?ned previously. 
As used herein, a “carbamoyl” group refers to a group 

having the structure 4OiCOiNRXRY or iNRXiCOi 
OiRZ, Wherein RX and RY have been de?ned above and R2 
can be aliphatic, aryl, araliphatic, heterocycloaliphatic, het 
eroaryl, or heteroaraliphatic. 
As used herein, a “carboxy” group refers to iCOOH, 

iCOORX, 4OC(O)H, iOC(O)RX, When used as a termi 
nal group; or iOC(O)i or 4C(O)Oi When used as an 
internal group. 
As used herein, a “haloaliphatic” group refers to an ali 

phatic group substituted With 1-3 halogen. For instance, the 
term haloalkyl includes the group ‘C133. 
As used herein, a “mercapto” group refers to iSH. 
As used herein, a “sulfo” group refers to iSO3H or 

iSO3RX When used terminally or iS(O)3i When used 
internally. 
As used herein, a “sulfamide” group refers to the structure 

iNRXiS(O)2iNRYRZ When used terminally and 
iNRXiS(O)2iNRYi When used internally, Wherein RX, 
RY, and R2 have been de?ned above. 
As used herein, a “sulfonamide” group refers to the struc 

ture iS(O)2iNRXRY or iNRXiS(O)2iRZ When used 
terminally; or iS(O)2iNRXi or iNRXiS(O)2i When 
used internally, Wherein RX, RY, and R2 are de?ned above. 
As used herein a “sulfanyl” group refers to iSiRXWhen 

used terminally and iSi When used internally, Wherein RX 
has been de?ned above. Examples of sulfanyls include ali 
phatic-Si, cycloaliphatic-Si, aryl-Si, or the like. 
As used herein a “sul?nyl” group refers to iS(O)iRX 

When used terminally and iS(O)i When used internally, 
Wherein RX has been de?ned above. Exemplary sul?nyl 
groups include aliphatic-S(O)i, aryl-S(O)i, (cy 
cloaliphatic(aliphatic))-S(O)i, cycloalkyl-S(O)i, hetero 
cycloaliphatic-S(O)i, heteroaryl-S(O)i, or the like. 
As used herein, a “sulfonyl” group refers to iS(O)2iRX 

When used terminally and iS(O)2i When used internally, 
Wherein RX has been de?ned above. Exemplary sulfonyl 
groups include aliphatic-S(O)2i, aryl-S(O)2i, (cy 
cloaliphatic(aliphatic))-S(O)2i, cycloaliphatic-S(O)2i, 
heterocycloaliphatic-S(O)2i, heteroaryl-S(O)2i, (cy 
cloaliphatic(amido(aliphatic)))-S(O)2i or the like. 
As used herein, a “sulfoxy” group refers to iOiSOiRX 

or iSOiOiRX, When used terminally and iOiS (O)i 
or iS(O)4Oi When used internally, Where RX has been 
de?ned above. 
As used herein, a “halogen” or “halo” group refers to 

?uorine, chlorine, bromine or iodine. 
As used herein, an “alkoxycarbonyl,” Which is encom 

passed by the term carboxy, used alone or in connection With 
another group refers to a group such as alkyl-OiC(O)i. 
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As used herein, an “alkoxyalkyl” refers to an alkyl group 

such as alkyl-O-alkyl-, Wherein alkyl has been de?ned above. 
As used herein, a “carbonyl” refer to 4C(O)i. 
As used herein, an “oxo” refers to :0. 
As used herein, the term “phospho” refers to phosphinates 

and phosphonates. Examples of phosphinates and phospho 
nates include iP(O)(RP)2, Wherein RF is aliphatic, alkoxy, 
aryloxy, heteroaryloxy, (cycloaliphatic)oxy, (heterocy 
cloaliphatic)oxy aryl, heteroaryl, cycloaliphatic or amino. 
As used herein, an “aminoalkyl” refers to the structure 

(RX 2N-all<yl-. 
As used herein, a “cyanoalkyl” refers to the structure (N C) 

alkyl-. 
As used herein, a “urea” group refers to the structure 

iNRXiCOiNRI/RZ and a “thiourea” group refers to the 
structure iNRX4CSiNRYRZ When used terminally and 
iNRXiCOiNRI/i or iNRX4CSiNRI/i When used 
internally, Wherein RX, RY, and R2 have been de?ned above. 
As used herein, a “guanidine” group refers to the structure 

iN:C(N(RXRY))N(RXRY or iNRX%(:NRX)NRXRY 
Wherein RX and RY have been de?ned above. 
As used herein, the term “amidino” group refers to the 

structure iC:(NRX)N(RXRY) Wherein RX and RY have been 
de?ned above. 

In general, the term “vicinal” refers to the placement of 
substituents on a group that includes tWo or more carbon 

atoms, Wherein the substituents are attached to adjacent car 
bon atoms. 

In general, the term “geminal” refers to the placement of 
substituents on a group that includes tWo or more carbon 

atoms, Wherein the substituents are attached to the same 
carbon atom. 
The terms “terminally” and “internally” refer to the loca 

tion of a group Within a substituent. A group is terminal When 
the group is present at the end of the substituent not further 
bonded to the rest of the chemical structure. Carboxyalkyl, 
i.e., RXO(O)C-alkyl is an example of a carboxy group used 
terminally. A group is internal When the group is present in the 
middle of a substituent of the chemical structure. Alkylcar 
boxy (e.g., alkyl-C(O)Oi or alkyl-OC(O)i) and alkylcar 
boxyaryl (e.g., alkyl-C(O)O-aryl- or alkyl-O(CO)-aryl-) are 
examples of carboxy groups used internally. 
As used herein, an “aliphatic chain” refers to a branched or 

straight aliphatic group (e.g., alkyl groups, alkenyl groups, or 
alkynyl groups). A straight aliphatic chain has the structure 
i[CH2]vi, Where v is 1-12. A branched aliphatic chain is a 
straight aliphatic chain that is substituted With one or more 
aliphatic groups. A branched aliphatic chain has the structure 
i[CQQ]v- Where each Q is independently a hydrogen or an 
aliphatic group; hoWever, Q shall be an aliphatic group in at 
least one instance. The term aliphatic chain includes alkyl 
chains, alkenyl chains, and alkynyl chains, Where alkyl, alk 
enyl, and alkynyl are de?ned above. 
The phrase “optionally substituted” is used interchange 

ably With the phrase “substituted or unsubstituted.” As 
described herein, compounds of the invention can optionally 
be substituted With one or more substituents, such as are 

illustrated generally above, or as exempli?ed by particular 
classes, subclasses, and species of the invention.As described 
herein, the variables R1, R2, Z1, Z2, Z3, Z4, n, m, p, q, and 
other variables contained in formulae described herein 
encompass speci?c groups, such as alkyl and aryl. Unless 
otherWise noted, each of the speci?c groups for the variables 
R1, R2, R1, R2, Z1, Z2, Z3, Z4, n, m, p, q, and other variables 
contained therein can be optionally substituted With one or 
more substituents described herein. Each substituent of a 
speci?c group is further optionally substituted With one to 
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three of halo, cyano, oxo, alkoxy, hydroxy, amino, nitro, aryl, 
cycloaliphatic, heterocycloaliphatic, heteroaryl, haloalkyl, 
and alkyl. For instance, an alkyl group can be substituted With 
alkylsulfanyl and the alkylsulfanyl can be optionally substi 
tuted With one to three of halo, cyano, oxo, alkoxy, hydroxy, 
amino, nitro, aryl, haloalkyl, and alkyl. As an additional 
example, the cycloalkyl portion of a (cycloalkyl)carbony 
lamino can be optionally substituted With one to three of halo, 
cyano, alkoxy, hydroxy, nitro, haloalkyl, and alkyl. When tWo 
alkoxy groups are bound to the same atom or adjacent atoms, 
the tWo alkxoy groups can form a ring together With the 
atom(s) to Which they are bound. 

In general, the term “substituted,” Whether preceded by the 
term “optionally” or not, refers to the replacement of hydro 
gen radicals in a given structure With the radical of a speci?ed 
substituent. Speci?c substituents are described above in the 
de?nitions and beloW in the description of compounds and 
examples thereof. Unless otherWise indicated, an optionally 
substituted group can have a substituent at each substitutable 
position of the group, and When more than one position in any 
given structure can be substituted With more than one sub 
stituent selected from a speci?ed group, the substituent can be 
either the same or different at every position. A ring substitu 
ent, such as a heterocycloalkyl, can be bound to another ring, 
such as a cycloalkyl, to form a spiro-bicyclic ring system, e. g., 
both rings share one common atom. As one of ordinary skill 
in the art Will recogniZe, combinations of substituents envi 
sioned by this invention are those combinations that result in 
the formation of stable or chemically feasible compounds. 

The phrase “stable or chemically feasible,” as used herein, 
refers to compounds that are not substantially altered When 
subjected to conditions to alloW for their production, detec 
tion, and preferably their recovery, puri?cation, and use for 
one or more of the purposes disclosed herein. In some 

embodiments, a stable compound or chemically feasible 
compound is one that is not substantially altered When kept at 
a temperature of 400 C. or less, in the absence of moisture or 
other chemically reactive conditions, for at least a Week. 
As used herein, an “effective amount” is de?ned as the 

amount required to confer a therapeutic effect on the treated 
patient, and is typically determined based on age, surface 
area, Weight, and condition of the patient. The interrelation 
ship of dosages for animals and humans (based on milligrams 
per meter squared of body surface) is described by Freireich 
et al., Cancer Chemother. Rep., 50: 219 (1966). Body surface 
area may be approximately determined from height and 
Weight of the patient. See, e.g., Scienti?c Tables, Geigy Phar 
maceuticals, Ardsley, N.Y., 537 (1970). As used herein, 
“patient” refers to a mammal, including a human. 

Unless otherWise stated, structures depicted herein are also 
meant to include all isomeric (e.g., enantiomeric, diastereo 
meric, and geometric (or conformational)) forms of the struc 
ture; for example, the R and S con?gurations for each asym 
metric center, (Z) and (E) double bond isomers, and (Z) and 
(E) conformational isomers. Therefore, single stereochemi 
cal isomers as Well as enantiomeric, diastereomeric, and geo 
metric (or conformational) mixtures of the present com 
pounds are Within the scope of the invention. Unless 
otherWise stated, all tautomeric forms of the compounds of 
the invention are Within the scope of the invention. Addition 
ally, unless otherWise stated, structures depicted herein are 
also meant to include compounds that differ only in the pres 
ence of one or more isotopically enriched atoms. For 

example, compounds having the present structures except for 
the replacement of hydrogen by deuterium or tritium, or the 
replacement of a carbon by a 13C- or l4C-enriched carbon are 
Within the scope of this invention. Such compounds are use 
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12 
ful, for example, as analytical tools or probes in biological 
assays, or as therapeutic agents. 

11. Compounds 

A. Generic Compounds 
The present invention provides methods of modulating 

activity of a muscarinic receptor comprising the step of con 
tacting said receptor With a compound of formula 1: 

or a pharmaceutically acceptable salt thereof. 
R1 is iZAR4, wherein Z‘ is independently a bond or an 

optionally substituted branched or straight chain C1_ 12 ali 
phatic Wherein up to 3 carbon units of R1 are optionally and 
independently replaced by 
%oi, icsi, %oNR/L, %ONRANRA, icozi, 
wcoi, iNRACOzi, wi, iNRACONRAi, 
ADCONRAi, iNRANRA, iNRACOi, isi, 
is(o)i, is(o)2i, iNRAi, iS(O)2NRAi, 
iNRASOZi, or iNRAS(O)2NRA. Each R4 is indepen 
dently RA, halo, 40H, iNHZ, iNOZ, iCN, or 4OCF3. 
Each RA is independently a cycloaliphatic, heterocy 
cloaliphatic, aryl, or heteroaryl, each of Which is optionally 
substituted. 
R2 is iZBRS, Wherein each Z5 is independently a bond or 

an optionally substituted branched or straight C 1_ l2 aliphatic 
chain Wherein up to tWo carbon units of Z5 are optionally and 
independently replaced by 4COi, iCSi, iCONRBi, 
%ONRBNRBi, %o,i, wcoi, iNRBCOzi, 
wi, iNRBCONRBi, iOCONRBi, iNRBNRBi, 
iNRBCOi, isi, is(o)i, is(o)2i, iNRBi, 
iS(O)2NRBi, iNRBS(O)2i, or iNRBS(O)2NRBi. 
Each R5 is independently RB, halo, 40H, 4CN, or 4OCF3. 
Each RE is independently hydrogen, an optionally substituted 
C1_8 aliphatic group, an optionally substituted cycloaliphatic, 
an optionally substituted heterocycloaliphatic, an optionally 
substituted aryl, or an optionally substituted heteroaryl. 
Each of Z1, Z2, Z3, and Z4 is independently a bond or 

4CR3R'3i, iNR3i, or 40* Wherein each R3 and R'3 is 
iZCR6, Wherein each ZC is independently a bond or an 
optionally substituted branched or straight C H2 aliphatic 
chain Wherein up to tWo carbon units of ZC are optionally and 
independently replaced by iCOi, 4CSi, 4CONRCi, 
%ONRCNRCi, %o2i, wcoi, iNRCCOZi, 
wi, iNRCCONRCi, ADCONRCi, iNRCNRCi, 
iNRCCOi, isi, is(o)i, is(o),i, iNRCi, 
iS(O)2NRCi, iNRCS(O)2i, or iNRCS(O)2NRCi. 
Each R6 is independently RC, halo, ‘OH, 4CN, or 4OCF3. 
Each RC is independently hydrogen, an optionally substituted 
C1_8 aliphatic group, an optionally substituted cycloaliphatic, 
an optionally substituted heterocycloaliphatic, an optionally 
substituted aryl, or an optionally substituted heteroaryl. 
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Alternatively, R3 and R'3 together form an oxo group. 
p is 0-3, m is 0-3, and p+m is 3 or 4. 
n is 0 or 1. 

q is 0-4. 
B. Speci?c Compounds 
1. Substituent R1: 
R1 is iZAR4, wherein Z1 is independently a bond or an 

optionally substituted branched or straight Cl_l2 aliphatic 
Wherein up to 3 carbon units of R1 are optionally and inde 
pendently replaced by 
-CO-, iCSi, iCONRAi, iCONRANRAi, 
iCOzi, ADCOi, iNRACOzi, iOi, iNRA. 
CONRAi, ADCONRAi, iNRANRAi, iNRACOi, 
iSi, iS(O)i, iS(O)2i, iNRAi, iS(O)2NRAi, 
iNRASOZi, or iNRAS(O)2NRA. Each R4 is indepen 
dently RA, halo, 40H, iNH2, iNO2, iCN, or iOCF3. 
Each RA is independently a cycloaliphatic, heterocy 
cloaliphatic, aryl, or heteroaryl, each of Which is optionally 
substituted. 

In several embodiments, R1 is a straight or branched C1_6 
aliphatic, Wherein up to 3 carbon units of R1 are optionally 
and independently replaced With iC(O)i, iS(O)2i, 
-S-, -O-, or combinations thereof, and at least one of 
the carbon units of R1 is substituted With a cycloaliphatic, a 
heterocycloaliphatic, an aryl, or a heteroaryl, each of Which is 
optionally substituted. 

In other embodiments, R1 is iZAR4, Wherein ZA is 
iCHzi, and R4 is an optionally substituted cycloaliphatic 
or an optionally substituted heterocycloaliphatic. For 
example, R1 is iZAR4, wherein Z1 is iCHzi, and R4 is an 
optionally substituted monocyclic cycloaliphatic or an 
optionally substituted bicyclic cycloaliphatic. In several 
examples, R1 is iZAR4, wherein Z1 is 4CH2i, and R4 is an 
optionally substituted 3-7 membered monocyclic cycloalkyl 
or cycloalkenyl, either of Which is optionally substituted. For 
instance, R1 is iZAR4, Wherein ZA is 4CH2i, and R4 is an 
optionally substituted 3-7 membered optionally substituted 
monocyclic cycloalkyl. In other examples, R1 is iZAR4, 
Wherein ZA is 4CH2i, and R4 is cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, or cycloheptyl, each of Which is 
optionally substituted. In alternative examples, R1 is iZAR4, 
wherein Z1 is 4CH2i, and R4 is an unsubstituted cyclopro 
pyl, cyclobutyl, cyclopentyl, cyclohexyl, or cycloheptyl. 

In other embodiments, R1 is iZAR4, Wherein ZA is 
iCH2i, and R4 is an optionally substituted bicyclic 
cycloaliphatic. For example, R1 is iZAR4, Wherein ZA is 
iCHzi, and R4 is an optionally substituted bicyclic 
cycloalkyl or an optionally substituted bicyclic cycloalkenyl. 
For example, R1 is iZAR4, wherein Z1 is iCHzi, and R4 is 
an optionally substituted 5-10 membered bicyclic cycloalkyl. 
In other examples, R1 is ZAR4, Wherein ZA is 4CH2i, and 
R4 is bicyclo[1.1.1]pentane-yl, bicyclo[2.1.1]hexane-yl, 
bicyclo[2.2.l]heptane-yl, bicyclo[2.2.2]octane-yl, bicyclo 
[3.1.1]heptane-yl, bicyclo[3.2.l]octane-yl, or bicyclo[3.3.2] 
decane-yl, each of Which is optionally substituted. In several 
examples, R1 is iZAR4, wherein Z1 is 4CH2i, and R4 is 
bicyclo[1 .1 .l]pentane-yl, bicyclo[2.1.1]hexane-yl, bicyclo 
[2.2.1]heptane-yl, bicyclo[2.2.2]octane-yl, bicyclo[3.l.l] 
heptane-yl, bicyclo[3.2.l]octane-yl, or bicyclo[3.3.2]de 
cane-yl, each of Which is unsubstituted. In other examples, R1 
is iZAR4, wherein Z1 is 4CH2i, and R4 is an optionally 
substituted 7-10 membered bicyclic cycloalkenyl. For 
instance, R1 is iZAR4, wherein Z1 is iCHzi, and R4 is 
bicyclo[2.2.l]hept-en-yl, bicyclo[2.2.2]oct-en-yl, bicyclo 
[3.2.1]oct-en-yl, or bicyclo [3 .3 .2]dec-en-yl, each of Which is 
optionally substituted. In other instances, R1 is iZAR4, 
Wherein ZA is iCH2i, and R4 is bicyclo[2.2.l]hept-en-yl, 
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14 
bicyclo[2.2.2]oct-en-yl, bicyclo[3.2.l]oct-en-yl, or bicyclo 
[3.3.2] dec-en-yl, each of Which is unsubstituted. 

In other embodiments, R1 is iZAR4, Wherein ZA is a bond, 
and R4 is an optionally substituted cycloaliphatic or an 
optionally substituted heterocycloaliphatic. For example, R1 
is iZAR4, Wherein ZA is a bond, and R4 is an optionally 
substituted monocyclic cycloaliphatic or an optionally sub 
stituted bicyclic cycloaliphatic. In several examples, R1 is 
iZAR4, wherein Z1 is a bond, and R4 is an optionally sub 
stituted 3-7 membered monocyclic cycloalkyl or cycloalk 
enyl, either of Which is optionally substituted. For instance, 
R1 is iZAR4, wherein Z1 is a bond, and R4 is an optionally 
substituted 3-7 membered optionally substituted monocyclic 
cycloalkyl. In other examples, R1 is iZAR4, wherein Z‘ is a 
bond, and R4 is cyclopropyl, cyclobutyl, cyclopentyl, cyclo 
hexyl, or cycloheptyl, each of Which is optionally substituted. 
In alternative examples, R1 is iZAR4, Wherein ZA is a bond, 
and R4 is an unsubstituted cyclopropyl, cyclobutyl, cyclopen 
tyl, cyclohexyl, or cycloheptyl. 

In other embodiments, R1 is iZAR4, Wherein ZA is a bond, 
and R4 is an optionally substituted bicyclic cycloaliphatic. 
For example, R1 is iZAR4, Wherein ZA is a bond, and R4 is an 
optionally substituted bicyclic cycloalkyl or an optionally 
substituted bicyclic cycloalkenyl. For example, R1 is iZAR4, 
Wherein ZA is a bond, and R4 is an optionally substituted 5-10 
membered bicyclic cycloalkyl. In other examples, R1 is 
iZAR4, Wherein ZA is a bond, and R4 is bicyclo[1 .1 .l]pen 
tane-yl, bicyclo[2.1.1]hexane-yl, bicyclo[2.2. l]heptane-yl, 
bicyclo[2.2.2]octane-yl, bicyclo[3.1.1]heptane-yl, bicyclo 
[3 .2. l]octane-yl, or bicyclo [3 .3 .2]decane-yl, each of Which is 
optionally substituted. In several examples, R1 is iZAR4, 
wherein Z‘ is a bond, and R4 is bicyclo[l.1.1]pentane-yl, 
bicyclo[2.1.1]hexane-yl, bicyclo[2.2.l]heptane-yl, bicyclo 
[2.2.2]octane-yl, bicyclo[3.1.l]heptane-yl, bicyclo[3.2.l]oc 
tane-yl, or bicyclo[3.3.2]decane-yl, each of Which is unsub 
stituted. In other examples, R1 is iZAR4, Wherein ZA is a 
bond, and R4 is an optionally substituted 7-10 membered 
bicyclic cycloalkenyl. For instance, R 1 is iZAR4, Wherein ZA 
is a bond, and R4 is bicyclo[2.2.l]hept-en-yl, bicyclo[2.2.2] 
oct-en-yl, bicyclo[3.2.l]oct-en-yl, or bicyclo[3.3.2]dec-en 
yl, each of Which is optionally substituted. In other instances, 
R1 is iZAR4, wherein Z1 is a bond, and R4 is bicyclo[2.2.l] 
hept-en-yl, bicyclo[2.2.2]oct-en-yl, bicyclo[3.2.l]oct-en-yl, 
or bicyclo[3.3.2]dec-en-yl, each of Which is unsubstituted. 

In other embodiments, R1 is iZAR4, wherein Z1 is 
4CH2i, and R4 is an optionally substituted heterocy 
cloaliphatic. In several examples, R l is iZAR4, wherein Z1 is 
4CH2i, and R4 is an optionally substituted monocyclic or 
bicyclic heterocycloaliphatic. In other examples, R1 is 
iZAR4, Wherein ZA is iCH2i, and R4 is an optionally 
substituted 5-10 membered optionally substituted monocy 
clic or bicyclic heterocycloaliphatic having 1-3 heteroatoms 
independently selected from N, O, and S. In other examples, 
R1 is iZAR4, wherein Z1 is 4CH2i, and R4 is an optionally 
substituted monocyclic 5-8 membered heterocycloaliphatic 
having 1-3 heteroatoms independently selected from N, O, 
and S. In other examples, R1 is iZAR4, Wherein ZA is 
4CH2i, and R4 is piperidine-yl, piperaZine-yl, morpholine 
yl, pyrrolidine-yl, 3-pyrroline-yl, aZepane-yl, pyraZolidine 
yl, or pyran-yl, each of Which is optionally substituted With 
1-3 of halo, 40H, 
4CN, C1_6 straight or branched aliphatic, (alkoxy)carbonyl, 
alkylamino, combinations thereof, or the like. 

In other embodiments, R1 is iZAR4, Wherein ZA is a bond, 
and R4 is an optionally substituted heterocycloaliphatic. In 
several examples, R1 is iZAR4, wherein Z‘ is a bond, and R4 
is an optionally substituted monocyclic or bicyclic heterocy 
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cloaliphatic. In other examples, R1 is iZAR4, wherein ZA is 
a bond, and R4 is an optionally substituted 5-10 membered 
optionally substituted monocyclic or bicyclic heterocy 
cloaliphatic having 1-3 heteroatoms independently selected 
from N, O, and S. In other examples, R1 is iZAR4, Wherein 
ZA is a bond, and R4 is an optionally substituted monocyclic 
5-8 membered heterocycloaliphatic having 1-3 heteroatoms 
selected from N, O, and S. In other examples, R1 is iZAR4, 
Wherein ZA is a bond, and R4 is piperidine-yl, piperaZine-yl, 
morpholine-yl, pyrrolidine-yl, 3-pyrroline-yl, aZepane-yl, 
pyraZolidine-yl, or pyran-yl, each of Which is optionally sub 
stituted With 1-3 of halo, iOH, 4CN, Cl_6 straight or 
branched aliphatic, (alkoxy)carbonyl, alkylamino, or combi 
nations thereof. 

In several embodiments, R1 is one selected from: 

was. 
*0 m i 

In several embodiments, R1 is one selected from: 
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-continued 

2. Substituent R2 and q-Term 
R2 is iZBRS, Wherein each Z5 is independently a bond or 

an optionally substituted branched or straight C 1_ l2 aliphatic 
chain Wherein up to tWo carbon units of Z5 are optionally and 
independently replaced by 4COi, iCSi, iCONRBi, 
%ONRBNRBi, %o2i, wcoi, iNRBCOzi, 
wi, iNRBCONRBi, iOCONRBi, iNRBNRBi, 
iNRBCOi, isi, is(o)i, is(o)2i, iNRBi, 
iS(O)2NRBi, iNRBS(O)2i, or iNRBS(O)2NRBi. 
Each R5 is independently RB, halo, 40H, 4CN, or 4OCF3. 
Each RE is independently hydrogen, an optionally substituted 
C L8 aliphatic group, an optionally substituted cycloaliphatic, 
an optionally substituted heterocycloaliphatic, an optionally 
substituted aryl, or an optionally substituted heteroaryl. 

In several embodiments, R2 is hydrogen. For example, in 
some embodiments, q is 0 or each R2 is hydrogen. 

In several embodiments, When q is 1, 2, or 3, R2 is attached 
to the core structure of formula I at the 6 position, 7 position, 
8 position, or combinations thereof. For example, R2 is 
attached at the 6 or 7 position, or a combination thereof. 

In several embodiments, R2 is an optionally substituted 
amino. For example, R2 is an (aliphatic)amino, (cy 
cloaliphatic)amino, or combinations thereof, each of Which is 
optionally substituted. 

In several embodiments, R2 is an optionally substituted 
amido. For example, R2 is an (alkyl(carbony))lamino, (cy 
cloalkyl(carbonyl))amino, (alkyl(amino))carbonyl, (cy 
cloalkyl(amino))carbonyl, or combination thereof, each of 
Which is optionally substituted. 

In several embodiments, R2 is an optionally substituted 
(alkyl(amino))carbonyl, an optionally substituted (aliphatic) 
carbonyl, or an optionally substituted (alkoxy)carbonyl. For 
example, R2 is a (methyl(amino))carbonyl, (ethyl(amino)) 
carbonyl, (propyl(amino))carbonyl, or combinations thereof, 
each of Which is optionally substituted. In other examples, R2 
is a (methoxy)carbonyl, (ethoxy)carbonyl, (propoxy)carbo 
nyl, (butoxy)carbonyl, or combinations thereof, each of 
Which is optionally substituted. Additional examples of R2 
includes (methyl)carbonyl, (ethyl)carbonyl, (propyl)carbo 
nyl, (butyl)carbonyl, or combinations thereof, each of Which 
is optionally substituted. 

In several embodiments, q is 1 or 2, and each R2 is inde 
pendently halo, or methoxy. 

In several embodiments, -R2 is halo, hydrogen, or meth 
oxy. Other embodiments include 2 R2 groups (i.e., q:2), 
Wherein each is methoxy. 

3. Groups Zl-Z4 
Each of Zl-Z4 is independently a bond or iCR3R'3i, 

iNR3i, or -O- Wherein each R3 and R'3 is iZCR6, 
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wherein each ZC is independently a bond or an optionally -Continued 
substituted branched or straight Cl_ 12 aliphatic chain Wherein R3R'3 
up to tWo carbon units of ZC are optionally and independently C 
replaced by iCOi, iCSi, iCONRCi, 4CONRC’ 
NRCi, iCO2i, iOCOi, iNRCCOZi, 40*, 5 ‘ 
iNRCCONRCi, 4OCONRCi, iNRCNRCi, 
iNRCCOi, isi, i(o)i, is(o)2i, iNRCi, N/CR3R'3, /CR3R'3’ 
iS(O)2NRCi, iNRCS(O)2i, or iNRCS(O)2NRCi. R3 
Each R6 is independently RC, halo, iOH, iCN, or iOCF3. R3R'3 R3R'3 
Each Rcis independently hydrogen, an optionally substituted 10 lzL/C /z§§é/O\ C 
C L8 aliphatic group, an optionally substituted cycloaliphatic, \ 

/CR3R'3, an optionally substituted heterocycloaliphatic, an optionally 

Alternatively, R3 and R'3 together form an oxo group. 15 £31“ R3R'3 £31“ 

substituted aryl, or an optionally substituted heteroaryl. 

In one embodiment, one of Z1, Z2, Z3, or Z4 is a bond, one R3R'3 R3 R3R'3 
of Z1, Z2, Z3, or Z4 is iNR3i or iOi, and the remaining C N C 
Z1, Z2, Z3, or Z4 are 4CR3R'3i, Wherein each R3 and R'3 is \ \ \ 
iZCR6, Wherein each ZC is independently a bond or an / 
optionally substituted branched or straight Cl_l2 aliphatic 

R, 

chain Wherein up to tWo carbon units of ZC are optionally and 0 j‘iC V C V 
independently replaced by iCOi, 4CSi, 4CONRCi, R3R 3 R3R 3 
iCONRCNRCi, %o,i, iocoi, iNRCCO2i, gm 
iOi, iNRCCONRCi, iOCONRCi, iNRGNRCi, 25 \ 
iNRCCOi, iSi, iS(O)i, iS(O)2i, iNRCi, V 
iS(O)2NRCi, iNRCS(O)2i, or iNRCS(O)2NRCi; CR3R3 
each R6 is independently RC, halo, iOH, 4CN, or 4OCF3; / 
each RC is independently hydrogen, an optionally substituted 11113 
C L8 aliphatic group, an optionally substituted cycloaliphatic, 30 
an optionally substituted heterocycloaliphatic, an optionally 
substituted aryl, or an optionally substituted heteroaryl; or R3 In one embodiment’ Z1’ Z2’ Z3’ and Z4 together fonn 
and R'3 together form an oxo group. 

In another embodiment, Z1, Z2, Z3, and Z4 together form: 

we 
In another embodiment, Z1, Z2, Z3, and Z4 together form We 
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1 9 
In an alternative embodiment, Z1, Z2, Z3, and Z4 together 

form 

0 

10 
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p is 0-3, m is 0-3, and p+m is 3 or 4. 

n is 0 or 1. 

q is 0-4. 

In several embodiments, m and p are both 2. 

In several embodiments, m and p are each 0, l, or 2. In other 
embodiments, n is 0 or 1. In several embodiments, q is 0, l, 2, 
3, or 4. 

In one example, p is 2 and m is 2. In another example, p is 
2,mis 2,nis l,andqis 0. 

B. Sub-Generic Compounds 

Another aspect of the present invention provides com 
pounds of formula Ia: 

or a pharmaceutically acceptable salt thereof, Wherein R1, R2, 
R3, R'3, m, n, p, and q are de?ned above in formula I. 

Another aspect of the present invention provides com 
pounds of formula Ib: 

or a pharmaceutically acceptable salt thereof, Wherein R1, R2, 
R3, R'3, m, n, p, and q are de?ned above in formula I. 

22 
C. Exemplary Compounds 
Exemplary compounds of the present invention include, 

but are not limited to, those illustrated in Table 1, below. 

TABLE 1 

Exemplary compounds of formulae I, Ia, and Ib. 
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10 O/ 2 O 

HZN O Q? if 
b H, 
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60 % a 0% 
1 

O 

50 

55 

65 



US 7,973,162 B2 
24 

TABLE l-continued 

23 
TABLE l-continued 

Exemplary compounds of folmulae I, Ia, and lb. 
Exemplary compounds of formulae 1, Ia, and lb. 

0 H 
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TABLE l-continued 

25 
TABLE l-continued 

Ex?mplary compounds of folmulae 1’ Ia’ and lb‘ Exemplary compounds of formulae 1, Ia, and lb. 

0 

i 

0 1 O 

15 
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TABLE l-continued TABLE l-continued 

Exemplary compounds of formulae I, la, and lb. Exemplary Compounds of formulae I, I3, and Ib 

29 3O 
5 

23 24 O H H 
\ O N 

O O N 

\ \ H 
N N 

H H 10 H 
H 

H H 

N 

N N 

25 

25 26 

30 

35 

31 32 

g H 
40 H O 

O N 

H 

H 
45 

27 28 N 

als by known methods. Exemplary synthetic routes to pro 
duce compounds of formulae (I, la, and lb) are provided 

60 below in the schemes below. 
For the purpose of clarity in these schemes, Z4 is a bond and 

Z3 is 4CH2i. The schemes are intended, hoWeVer, as illus 
trative and are not limitative. Methods described are appli 
cable to other Variants of Z4 and Z3. 

65 In one method, compounds of the invention Wherein Z1 is 
NR3 and Z2 is C(O), may be prepared as illustrated in Scheme 
1. 

O : 

0% O 50 
N 

H 

H 55 III. Preparation of Compounds 

The compounds of formulae (I, la, and lb) may be synthe 
N siZed from commercially available or known starting materi 
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Referring to Scheme 1, the benZocycloalkanone 1 is alky 
lated With, for example, methylbromoacetate in the presence 
of a strong base such as, for example, lithium bis(timethylsi 
lyl)amide to provide the intermediate ester 2. Hydrolysis of 
the ester using knoWn conditions provides the acid 3 Which 
reacts With the phenylglycinol 4 to provide the intermediate 5. 
reductive ring opening of 5 With triethylsilane in the presence 
of titanium tetrachloride provides the glycinol 6. Reprotec 
tion of 6 provides the Boc derivative 7 Which is converted to 
the intermediate 8. In some methods, Wherein LG in 8 is a 

pyridinium salt, 8 is prepared by treatment of 7 With tri?ic 
anhydride in the presence of pyridine. In other methods, 
Wherein LG in 8 is Cl, 8 is prepared by treatment of 7 With 
methanesulfonyl chloride in the presence of triethyl amine. 
Treatment of 8 With a strong base such as, for example, 
potassium t-butoxide provides the enamine 9. Hydrolysis of 9 
With hydrochloric acid leads to the deprotected lactam 10. In 
an alternative method, 10 is obtained directly from 7 by 
treatment of 7 With lithium hydroxide in dimethyl sulfoxide at 
elevated temperatures. Reprotection of 10 to provide the Boc 
derivative 1 1 folloWed by alkylation of the lactam nitrogen of 
11 by treatment of 11 With sodium hydride and an aliphatic 
halide provides intermediates 12. Deprotection of 12 pro 
vides the amine 13. Reductive amination of 13 by treatment of 
13 With a ketone in the presence of sodium triacetoxyboro 
hydride in the presence of a LeWis acid such as, for example, 
titanium isopropoxide provides compounds of the invention 
I. 

In some embodiments, compounds of the invention 
Wherein Z2 is 4CH2i and Z1 is NR3, may be prepared as 
illustrated in Scheme 2. 

ll 
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-continued 
Boc 

Referring to Scheme 2, the lactam intermediate 11 of 
Scheme 1 is treated With borane to provide the amine 14. 
Acylation or alkylation of 14 using knoWn methods provides 
the substituted amine 16 Wherein R3 is acyl or aliphatic. 
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Reductive amination of 16 With a ketone as previously 
described provides certain embodiments of the invention I. 

In other embodiments, antipodes of the intermediates and 
compounds of the invention in Schemes 1 and 2 may be 
prepared using the antipode of phenylglycinol 4. 

In certain embodiments, Wherein Z1 is iOi and Z2 is 
iC(O)i, compounds of the invention may be prepared as 
illustrated in Scheme 3. 

18 

Referring to Scheme 2, the intermediate keto -ester 2 is treated 
With Zinc borohydride to provide the lactone 16 Wherein the 
lactone ring has the trans con?guration. Removal of the Boc 
group of 17 provides the amino-lactone 18 Which is converted 
to compounds of the invention I by reductive amination as 
previously described. 

In yet another method, compounds of the invention 
Wherein Z 1 is 40* and Z2 is 4CH2i may be prepared as 
illustrated in Scheme 4. 
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20 

Referring to Scheme 4, treatment of the keto-ester 2 With 
lithium borohydride results in providing the diol 1 9. Reaction 
of 19 With boron tri?uoride etherate leads to ring closure and 
concommitant removal of the Boc group to provide the 
amine-furan 20 Wherein the furan ring is cis-fused. Reductive 
amination of 20 as previously described provides compounds 
of the invention I. 

Iv. Formulations, Administrations, and Uses 

The present invention includes Within its scope pharma 
ceutically acceptable prodrugs of the compounds of the 
present invention. A “pharmaceutically acceptable prodrug” 
means any pharmaceutically acceptable salt, ester, salt of an 
ester, or other derivative of a compound of the present inven 
tion Which, upon administration to a recipient, is capable of 
providing (directly or indirectly) a compound of this inven 
tion or an active metabolite or residue thereof. Preferred 
prodrugs are those that increase the bioavailability of the 
compounds of this invention When such compounds are 
administered to a mammal or Which enhance delivery of the 
parent compound to a biological compartment relative to the 
parent species. 
The term “pharmaceutically acceptable carrier, adjuvant, 

or vehicle” refers to a non-toxic carrier, adjuvant, or vehicle 
that does not destroy the pharmacological activity of the 
compound With Which it is formulated. Pharmaceutically 
acceptable carriers, adjuvants or vehicles that may be used in 
the compositions of this invention include, but are not limited 
to, ion exchangers, alumina, aluminum stearate, lecithin, 




































